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Abstract  Aims  Functional-structural plant modeling is concerned with the integration of architec-
ture and resource allocation as aspects of plant function. It can depict the three-dimensional presentation 
of plants for use in analyzing individual tree growth and interactions between structural architecture and 
resource allocation in environments. Our objective was to parameterize and validate the func-
tional-structural model GreenLab for young Pinus tabulaeformis to simulate its growth. Few studies 
have applied the GreenLab model to trees. 
Methods  Destructive sampling was done to collect detailed data including structure and biomass 
measurements from 9 young P. tabulaeformis trees. We used the functional-structural GreenLab model 
that has been successfully calibrated for several crops. To extend its application in tree growth analysis, 
we validated the basic hypotheses of the model such as constant allometry rules and source-sink rela-
tionships. Direct parameters were attained from the measurement data and hidden parameters of the 
model were calibrated using the generalized least squares method. 
Important findings  Simulations of P. tabulaeformis growth based on the fitted parameters were rea-
sonably accurate. The coefficients of determination of linear regression equations between observations 
and predictions ranged from 0.78 to 0.91. The topological code system was set up to analyze tree topo-
logical structure for simulation. The calibrated parameters can be used to simulate and visualize 3D 
representation of pine trees. The methods for measuring tree topology and biomass and coding system 
can serve as a reference for the development of functional-structural models of coniferous trees.  
Key words  tree functional-structural model, biomass production and allocation, topological structure, 
source-sink relationship, Pinus tabulaeformis 
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2.2.1  圴掮 
圴掮ホ任㍾翁│ś学校法人┛洛┹翁⌇攸s, 屢藥
欸氊ナ圾︸繁孛詔印čゝ梗圴掮螞⌇声圾楾, 洛
穴歡(1)声(2)罕学校法人(de Reffye & Blaise, 1999; 嚮鶫

























鐘35ナ89𥿔縟橫訒, 詔ホ穴歡(3)│蠑橎榺△倦O:  
 
歡Ο, LAδ𩸕鐘35鐘螞⌇, qaδ𩸕鐘35ナ89
𥿔, SLWδ𩸕鐘35訒鐘紞(Specific leaf weight)┛ 











虹1  5桿ナ¿┛艝羝聴┡ 




ŀ憩, 問圀鞄档35紅┺健麹(Branching order) 





鵝籾δメ健┺, 頓橆, ナコ桿汏鵝弥δ4┛ 






GUAモ螞ナ梗35ゔBΜ┺ ,  ŬδGUAB, Cδ┺
GUABモ35圴掮尞棧 , ŬδGUABC, 会尞ū蝠 , 
 
 
5鸚  肉  軌シ: 府э GreenLab35¿┛聴┡-札忘︸繁  DOI: 10.3773/j.issn.1005-264x.2009.05.014  953 
 
 
虹2  艝羝擲U翁O虹 
Fig. 2  Topological code system 




















ナ89𥿔ナ扱35鐘啀 ; +(Sink), 韋莢詔印小ユナ
89𥿔35紅𥐮(綳&)35ヘ紘殿囮┛頓姿, 89迮┧-+
︸繁П孛韋ナ89𥿔ナ扱声紅𥐮︸繁┛  








(Zhan et al., 2003), 頓姿, ナ89𥿔ナ扱35籾婉, 沼
袴э忘門槀≳掲浄屋ホ35鐘35鈑𥿔抄券せ燠┛ホ
府э誕MV35螌舜狢札忘︸繁(Yan et al., 2004)│








δ1; Spδ｛諺脣淅螞⌇(1酚酧シ, 2006), 榺紒35 
rO莢ユ縕痬屋ホY倦35鰀察櫈腋, Sj韋莢ゔjΜ鐘 
啀35ś螞⌇, 頓姿∑ =n(i)j jS1 莢35韋ゔiΜ趨鸚35獪鐘 
螞⌇┛ 







i, ゔ oū殿囮罕澋滕35ナ89𥿔詔印ś学校法人δ穴     
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㸼1  ⊍ᵒᑐᷥ῵ൟখ᭄㸼 
Table 1  Parameters for Pinus tabulaeformis saplings 
小鈑 
Parameter 
PA 1 PA 2 PA 3 PA 4 
Pe 0.65 0.25 0.08 0.03 
Pa 1.00 0.95 0.18 0.10 
T 3 a 
SLW 0.08 g·cm 2 
be 47.75 134.33 270.93 190.71 
ȕ  0.06 0.06  0.12 0.50 
Sp 0.13 m2 
r 0.48 
Pe: 圴掮+沛  Internode sink  Pa: 𩸕鐘+沛  Needle sink  
T: 𩸕鐘札忘隸掮 Needle functioning time  SLW: 訒鐘紞 Spe-
cific leaf weight  be: ュ蒸ナコ桿汏圴掮35訒貨O鈑 The scale 
coefficient of internodes of different physiological ages  ȕ: ュ蒸
ナコ桿汏圴掮35濤せO鈑 The form coefficient of internodes of 
different physiological ages  Sp: ｛諺脣淅螞⌇ Plant projection 
area   r: 鰀察櫈腋  Water resistance  PA i: ゔ iΜナコ桿汏 




虹3  圴掮侉紞声𩸕鐘侉迮𥿔訒83                      
Fig. 3  The ratio of internode fresh mass to         
needles fresh mass            
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虹4  圴掮欸氊ナ圾¤游 
Fig. 4  Internode allometry 













































渟シ), 异ホDigiplante㫖烏(Cournède et al., 2006)
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虹5  ︸繁慧御 





虹6  ¿┛檮鞄濤燠メ翼詔⁂湿(1┚3声5桿) 
Fig. 6  3D visualization for Pinus tabulaeformis saplings 
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